Abstract Consanguineous marriages have been practiced since the early existence of modern humans. Until now, consanguinity is widely practiced in several global communities with variable rates. The present study was undertaken to analyze the effect of consanguinity on different types of genetic diseases and child morbidity and mortality. Patients were grouped according to the types of genetic errors into four groups: Group I: Chromosomal and microdeletion syndromes. Group II: Single gene disorders. Group III: Multifactorial disorders. Group IV: Diseases of different etiologies. Consanguineous marriage was highly significant in 54.4% of the studied group compared to 35.3% in the control group (P < 0.05). Consanguineous marriages were represented in 31.4%, 7.1%, 0.8%, 6%, 9.1% among first cousins, one and a half cousins, double first cousins, second cousins and remote relatives respectively in the studied group. Comparison between genetic diseases with different modes of inheritance showed that recessive and multifactorial disorders had the highest values of consanguinity (78.8%, 69.8%, respectively), while chromosomal disorders had the lowest one (29.1%). Consanguineous marriage was recorded in 51.5% of our cases with autosomal dominant diseases and in 31% of cases with X linked diseases, all cases of mental retardation (100%) and in 92.6% of patients with limb anomalies (P < 0.001). Stillbirths, child deaths and recurrent abortions were significantly increased among consanguineous parents (80.6%, 80%, 67%) respectively than among non consanguineous parents. In conclusion, consanguineous marriage is significantly higher in many genetic diseases which suggests that couples may have deleterious lethal genes, inherited from common ancestor and when transmitted to their offsprings, they can lead to prenatal, neonatal, child morbidity or mortality. So public health education and genetic counseling are highly recommended in our community.
Introduction
The terms inbreeding and consanguinity are used interchangeably to describe unions between couples who share at least one common ancestor. Inbreeding in population genetic terms refers to a departure from nonrandom ''mating'' in which individuals ''mate'' with those more similar (genetically) to them than if they ''mated at random'' in the population. The offspring of consanguineous unions may be at increased risk to genetic disorders because of the expression of autosomal recessive gene mutations inherited from a common ancestor. The closer the biological relationship between parents, the greater is the probability that their offspring will inherit identical copies of one or more detrimental recessive genes. For example, first cousins are predicted to share 12.5% (1/8) of their genes. Thus, on an average, their progeny will be homozygous (or more precisely, autozygous) at 6.25% (1/16) of gene loci (i.e., they will receive identical gene copies from each parent at these sites in their genome) [1] .
Consanguinity is prevalent in many Middle Eastern and Arab cultures and societies [2] . Some studies have shown significant differences in genetic disorders between children born to consanguineous marriage partners and those born to non-consanguineous parents [3] , while others have found no significant differences [4] . Marriage between close biological relatives is generally regarded with suspicion and distaste. In many populations there is a strong preference for consanguineous unions, most frequently contracted between first cousins, and marriage outside the family is perceived as a risky and disruptive option. The increasing importance of the genetic contribution to the overall disease profile in both developed and developing countries has highlighted potential problems associated with detrimental recessive gene expression in consanguineous progeny [5] .
In fact, single gene disorders are common in Eastern Mediterranean families due to the practice of consanguinity that tends to retain rare mutations within affected families, who may contain a high frequency of mutation carriers. Genetic disorders and congenital abnormalities occur in about 2% -5% of all live births, account for up to 30% of pediatric hospital admissions and cause about 50% of childhood deaths in industrialized countries [6] . Consanguinity without known genetic disease in the family appears to cause an increase in mortality and malformation rate. First cousin marriages, the most common counseling problem, seem to have an added risk of about 3 percent, so that a total risk of 5 percent for abnormality or death in early childhood, about double the general population risk, is a reasonable though approximate guide [7] . It is possible, but not certain that the risk is less for populations with a long tradition of cousin marriage. It is only recently that genetic disorders are being fully recognized and accurately diagnosed in these populations. By contrast, some immigrant groups of Asian origin in the UK show an unusually high frequency of recessively inherited disorders, some extremely rare. This may well reflect increased consanguinity due to isolation and restriction of marriage partners [8] . Some studies have shown a relationship between consanguinity and some genetic conditions and health problems such as phenylketonuria (PKU), immunodeficiency disorders, children's hypertension, beta-thalassemia, protein-C and protein-S deficiency, low birth weight and Down syndrome [9] [10] [11] .
The aim of this study was to determine the effect of consanguineous marriage on different types of genetic diseases and child morbidity and mortality.
Subjects and methods
This study was a retrospective study, reviewing the files of 8109 patients attending the Genetics clinic, Children's hospital, Ain Shams University, Cairo, Egypt .Their ages ranged between 3 days and 32 years (with a mean of 5.67 ± 11.84 years) .They presented as diseased children, or adults for genetic counseling due to repeated abortions, stillbirths, or diseased offspring. Results were compared with consanguinity among 10,000 healthy couples as controls [12] .
Patients were classified according to the types of genetic disorders into four groups:
Group I Chromosomal and microdeletion syndromes e.g. 
Statistical methods
-Data entry and analysis were done using a computer with SPSS version 10.0. -Appropriate statistical methods were applied (descriptive and analytical). -The individual inbreeding coefficients (F) were computed according to Wright's path method [13] .
where m i and n i refer to the number of paths from the ith common ancestor, and c refers to the number of common ancestors. The genealogical inbreeding coefficient for each disease was then computed as the average of all individual F values.
Results
Consanguineous marriage was significantly higher in the studied group (54.4%) compared to the control group (35.3%). Consanguineous marriages represented 31.4%, 7.1%, 0.8%, 6%, 9.1% among first cousins, one and a half cousins, double first cousins, second cousins and remote relatives respectively in the studied group compared to 30.4%, 2.2%, 0.8%, 1.9%, 0.0% respectively in the control group, Table 1 . Recessive and multifactorial disorders had the highest values of consanguinity (78.8%, 69.8% respectively), while chromosomal disorders had the lowest one (29.1%), Tables 2 and 3 .
Consanguineous marriage was highly significant in autosomal recessive diseases (78.8%). It was detected in 93.4% of cases of sensorineural deafness, 89.4% of cases of Phenylketonuria, 78.1% of epidermolysis bullosa dystrophica patients, 70% of cases of mucopolysaccaridosis, and 69.8% of neurodegenerative disease cases, Table 4 .
Consanguineous marriage was recorded among 51.5% of autosomal dominant diseases, Table 5 .
In X-linked diseases consanguineous marriage was detected in all cases of mental retardation (100%) and in 28.1% of patients with Duchenne muscular dystrophy, Table 6 . Consanguineous marriage was also more common in multifactorial disorders (69.8%), compared to non consanguineous marriage (30.2%). In multifactorial and miscellaneous disorders, consanguineous marriage was significantly higher in mental retardation (76.1%), hydrocephalus (60%), while it was highly significant in limb anomalies (92.6%), Table 7 .
Consanguineous marriage was detected in 80% of cases with ambigious genetalia, 72.2% of patients with multiple congenital anomalies and 62.6% of patients with blood diseases, Table 8 .
Stillbirths, child deaths and recurrent abortions were significantly increased among consanguineous parents than among non consanguineous parents. Percentages were 80.6%, 80%, 67% respectively, Table 9 .
In autosomal recessive disorders a higher F (0.021) was detected as compared to controls (0.019).
Discussion
Consanguineous marriage attracts considerable attention as a causative factor in the prevalence of genetic disorders. It is estimated that globally over 20% of the human population live in communities with a preference for consanguineous marriage, and over 8.5% of all children have consanguineous parents. Consanguinity is widely practiced in countries of Asia and Africa especially in societies where Islam prevails while its prevalence is low in Western countries. It also has high rates in Arab countries [14] [15] [16] [17] .
In our study, consanguineous marriage was reported in 54.4% of the studied group compared with 35.3% in the controls. Shawky et al., [12] reported that the overall frequency of consanguinity in Egypt is still high, however this frequency varies by region. It was significantly higher in Sohag (42.2%) and great Cairo (36.1%) than in Assuit (21.7%). Also it was higher in rural areas (59.9%) than in semiurban and urban areas (23.5%) and (17.7%), respectively. This increase in consanguinity rate is due to the fact that many families prefer marriage among first cousins to preserve family structure, links and provide social, economical and cultural benefits. Many Egyptians believe that there may be more compatibility and less tendency to divorce between husband and wife from a consanguineous family. This favored the appearance of complex phenotypes of genetic disorders which result in difficulties in phenotype classification [18] . Hashem et al., previously reported that consanguineous marriage prevails among 34.49% of normal Egyptians, 58.08% of those having heredofamilial disease, 65.21% of those having minor congenital anomalies and in 49.19% having major congenital anomalies with normal chromosomal pattern [19] . El-nekhely et al., also reported that studies of parental consanguinity in the general population in Egypt throughout the last 40 years showed an average consanguinity rate above 30% [20] .
Our results showed that the most common degree of consanguineous marriages among our patients was first cousins (31.4%). The same was also reported among the general population in Egypt, where first cousin marriage occurred in 86% of studied subjects [12] . In our study, autosomal recessive and multifactorial disorders had the highest rate of consanguinity (78.8% and 69.8% respectively). It was detected in 70% of cases of mucopolysaccharidosis, 89.3% of patients with phenylketonuria, 93.4% of patients with sensorineural deafness and in 69.8% of patients with neurodegenerative disease. Closely similar results were also previously reported for mucopolysaccharidosis [21] , neurodegenerative disorders [22] and sensorineural deafness [23] .
Comparison between genetic diseases with different modes of inheritance showed that recessive disorders had the highest values of inbreeding coefficients (F = 0.021) as compared to controls (0.019), while chromosomal disorders had the lowest one. However in another locality in Egypt (Alexandria), Mokhtar et al., reported that 45.2% of the patients referred to the genetics clinic had genetic disorders, 33.6% of whom had autosomal recessive disorders. The frequency of consanguinity among parents of patients with autosomal recessive disorders was high (60%, with 48% first cousins) and the average inbreeding coefficient was higher (0.03) than that reported for the Egyptian population in general (0.01) [24] . On the other hand Jain et al., in India reported that the common types of consanguineous marriages were between first cousins (50.6%) and uncle and niece (42.4%) and the mean coefficient of inbreeding was 0.056 which was higher than that reported in this study [25] .
The association between consanguinity and genetic defects is well demonstrated in previous studies performed on well known autosomal recessive disorders among Egyptian patients such as hearing loss and phenylketonuria [26, 27] . Hamamy reported that, rare and novel autosomal recessive disorders have been widely reported from communities with high consanguinity rates, including Arabs, since the main impact of consanguinity is an increase in the prevalence of such disorders [28] . Analysis of data in the catalog for Transmission of Genetic disorders in Arabs (CTGA), a database on genetic disorders in Arab populations maintained by the center for Arab Genomic Studies (CAGS), indicates that among more than 1000 disorders in the CTGA Database, 68% follow a recessive mode of inheritance. Also Hoodfar et al., reported that, inbreeding or consanguineous marriages have an effect on the rates of reproductive loss, congenital malformations and genetic diseases, mainly autosomal recessive [29] . In our study consanguineous marriage was reported in 78.8% of patients with autosomal recessive disorders compared to 21.2% in non consanguineous patients. In Jordan Hamamy stated that consanguinity rates among parents affected with autosomal recessive diseases were 85% [30] . Also in India Bidhan has shown a high percentage of consanguineous marriage in patients with autosomal recessive disorders [31] . Individuals born of consanguineous union have segments of their genomes that are homozygous as a result of inheriting identical ancestral genomic segments through both parents. These data imply that prolonged parental inbreeding has led to a background level of homozygosity increased 5% over and above that predicted by simple models of consanguinity [32] . In mathematical terms, consanguinity does not alter the allele frequencies of common disorders, but increases the probability of mating between two individual heterozygotes for the same recessive mutant allele. In this regard, the risk of birth defects in the offspring of first-cousin marriage is expected to increase sharply compared to non-consanguineous marriages particularly for rare autosomal recessive disease genes, because for common recessive conditions, there is a high chance that the abnormal gene may be carried by unrelated spouses and may be expressed in their progeny [33] . In our study consanguineous marriage was detected in 29.1% of patients with chromosomal disorders including 28.8% of Down syndrome patients. Alfi et al., had observed an increased frequency of consanguineous parents among their Down syndrome patients and postulated the existence of a gene that could influence mitotic non-disjunction in the zygote followed by loss of monosomic cells and the formation of a complete trisomic or mosaic embryo [34] . Nevertheless their results, based only on 20 cases and were not confirmed later on by Hamamy et al., [35] . However Amudha et al., demonstrated that the effect of consanguinity on chromosomal abnormalities was almost significant (P < 0.001). They added that chromosomal abnormalities, numerical and structural, may occur as de -novo at post-zygotic mitosis or transmitted because of the errors at meiosis in the parental gametogenesis [36] . Muller et al., also observed a significant effect of consanguinity among patients with chromosomal abnormalities. Three malformations/disorders were relatively frequent: Down syndrome, esophageal atresia, and profound deafness. The rate of malformations and significant medical conditions was 7.77% when the parents were first cousins and 3.63% when they were not related (P = 0.002), [37] .
In our study consanguineous marriage had no significant effect in autosomal dominant disorders, except Noonan syndrome and achondroplasia (P < 0.05), or in X-linked diseases except Fragile-X syndrome (P < 0.001). In Egypt, Temtamy and Aglan stated that statistical analysis revealed no significant increase in parental consanguinity rates in autosomal dominant, X-linked, or chromosomal disorders [38] . In Jordan, Hamamy et al., also reported that consanguinity rate among parents of patients affected with autosomal dominant diseases was 25%-30% which was not significant compared to controls [39] .
Our results also showed that consanguineous marriage was reported in 69.8% of patients with multifactorial diseases, which was significant compared to non consanguineous marriage. Bener and Hussain reported that the occurrence of asthma, mental retardation, epilepsy and diabetes was significantly more common in offspring of all consanguineous than non consanguineous couples [40] . Sayee et al., also emphasized the effect of consanguinity on mental retardation and or congenital abnormalities [41] . In Egypt, Temtamy et al., [42] reported that high rates of consanguinity were found in polygenic disorders. Also Al-Ghazali et al., in UAE reported that consanguinity was identified as a risk factor for several morbid conditions including congenital abnormalities and multifactorial disorders [43] . Also in a study done in Qatar, Bittles et al., reported that there is a significant increase in the prevalence of common adult diseases like mental retardation, hearing defects, heart diseases and others in consanguineous families [5] .
Consanguineous marriage was reported in 58% of our patients with diseases of different etiologies (e.g. ambigious genetalia, multiple congenital anomalies) which was significantly higher (P < 0.05), compared to the non-consanguineous group (42%). This is in agreement to Amar et al., in India who reported that the rate of most of diseases like multiple congenital anomalies and ambiguious genetalia was significantly higher in offspring of consanguineous than non consanguineous parents [44] . In our study, consanguineous marriage was detected in 80% of cases with ambigious genetalia, 72.2% of patients with multiple congenital anomalies and 62.6% of patients with blood diseases. The frequency of consanguineous marriages was higher among parents of offspring with congenital malformations compared with the figures for the general population in all studies reported among Arabs, including Egypt, [45, 42] UAE, Kuwait, Oman [46] [47] [48] , Iraq, Jordan [49, 50] , Lebanon [51] , Tunisia [52] and Saudi Arabia [53] . Shawky and Sadik reported that consanguineous marriage was significantly increased by 45.8% in the offsprings with congenital malformations compared to that of the general population 38.9% [45] . Pinto [54] reported a twofold increase in the incidence of congenital malformations (CMs) among the clinical effects of parental consanguinity. The mating in consanguinity gives exactly the conditions most likely to enable rare features to show itself [55] . A study done in Egypt on the etiology of congenital malformations, Shawky et al., reported that chromosomal anomalies constituted 21.4%, genetic syndromes represented 31% while 47.6% were due to unknown causes. Most of the genetic syndromes were due to autosomal recessive inheritance and this is due to a high degree of consanguinity [56] . Zlotogora, also reported an increased incidence of congenital malformations in the offsprings of consanguineous couples due to homozygous expression of recessive genes inherited from their common ancestors [57] .
However, the results of our study were in contrast to those reported by Mehrabi and Zeyghami who stated that although the consanguinity for malformed patients was high, there was no significant relationship between malformations and the degree of relation of the parents [17] . Also, in a study by Bromiker in Palestine, no statistically significant difference was found in the incidence of congenital malformations with the degrees of parents' relation [58] .
Increased mortality among the offspring of consanguineous marriages has been widely reported in human populations from different parts of the world [59] . In our study consanguineous marriages were present in 80.6% of cases with stillbirths, 80% of cases with child mortality and 67% of cases with recurrent abortions, which were significantly higher compared to those in non consanguineous marriages (19.4%), (20%), and (33%) respectively. This is in agreement to an Indian study which revealed that the frequency of spontaneous abortions and stillbirths was higher in the offspring of consanguineous marriages than in that of non-consanguineous marriages [60] . A similar effect was also observed in the infant mortality rate, which is known to have a genetic component [61] [62] [63] . These results indicate the presence of strong recessive elements in the transmission of these lethal genes. In fact, consanguineous marriage increases the risk of recessive hereditary diseases and polygenic one in their offspring by allowing the chance of the detrimental recessive genes to become a homozygous state manifested by biochemical defect or congenital malformation.
Conclusion
The future prevalence and status of consanguineous marriage is a matter of conjecture. A rapid decline in its prevalence is improbable in the meantime in Arab countries including Egypt. In many developing countries, strenuous official efforts are being made to lessen the appeal of close-kin unions, although with no apparent appreciation or acknowledgement of the balancing social and economic benefits. To achieve comparable advances in developing countries, extensive community education programes are needed to reduce the burden on health care systems, and to complement the existing diagnostic, counseling and treatment skills of local staff. Also the government should put strict laws for premarital tests.
